Congenital masseter muscle hypertrophy (CMMH) is a developmental disorder characterized by unilateral muscle's overgrowth, resulting in facial asymmetry and dento-maxillary disorders. Although the disease is usually diagnosed by clinical examination, paraclinical investigations such as Computer Tomography (CT), Magnetic Resonance (MR) or ultrasounds (US) are advanced diagnostic methods. This article is the case report of a CMMH in a young male adult, presenting the clinical aspects and using a new diagnostic approach based on US investigation of the masseter muscle.
Introduction Masseter Muscle Anatomy and Physiology
The masseter is a thick, quadrilateral muscle, consisting of two parts: superficial and deep. The fibers of the two parts are continuous at their insertion. The superficial part is larger and goes from the zygomatic process of the maxilla and from the anterior two-thirds of the lower border of the zygomatic arch to be inserted into the angle and lower half of the lateral surface of the ramus of the mandible. The deep part is smaller and more muscular in texture. It arises from the posterior 3 rd of the lower border and from the entire medial surface of the zygomatic arch. Its fibers pass downward and forward, to be inserted into the upper half of the ramus and the lateral surface of the coronoid process of the mandible. The deep part of the muscle is covered anteriorly by the superficial part; posteriorly, it is covered by the parotid gland [1] .
The masseter muscle is involved in mastication, elevation and protrusion of the mandible, functions which develop it into a powerful muscle. The hyperfunction leads to the hypertrophy of the muscle. CMMH is a benign increase in size of the masseter muscle and can be unilateral or bilateral [2] secondary to muscle hypertrophy. The disease involves aesthetic damages, joint disorders, occlusal malfunction, laterodeviation of the mandible. CMMH induces facial asymmetry and, due to the muscle traction towards the affected side, the mandible can be thickened as well [3] . The CMMH etiology is uncertain, although some hypotheses suggest the implication of emotional stress, bruxism or teeth clenching [4] .
Diagnostic Approaches
CMMH diagnosis is usually established based on clinical examinations -inspection and bilateral bimanual masseter palpation. Several studies [5] [6] [7] investigated this pathology using a combination of radiological techniques (Magnetic Resonance -MR, Computer Tomography -CT, ultrasound -US) and even histological examination of muscle biopsies. These applications have the advantage of increasing the diagnosis precision in masseter hypertrophy and to correctly differentiate it from other disorders, such as inflammatory disease of the parotid gland (parotiditis), benign or malignant tumors of the muscle or parotid gland, vascular tumors, lipomas or ossifying myositis [8] . Importantly, CMMH must be differentiated from the hemifacial hyperplasia, which, according to Rowe's criteria, involves the enlargement of the viscerocranium -frontal bone without the eye, mandible's lower border, midline of the face and the ear. The hemifacial increase is associated with the enlargement of all the affected tissues, including the teeth [9] .
Ultrasound in Muscle and Temporomandibular Joint (TMJ) Investigation
Over the last years, a new investigation and monitoring technique has been introduced: ultrasonography. The high-frequency sound waves applications in thorax and abdomen pathologies have been transferred to the cephalic extremity, for a detailed examination the soft tissues, in order to identify and differentiate the malignant tumors from benign lesions (cysts). In a systematic review based on 23 articles, Reis Durãoet al. analyzed the US reliability in measuring the thickness of masseter muscle during relaxation and contraction [10] . Their results showed that the thickness, cross-section, volume and length can be precisely assessed using ultrasonography. In a non-systematic research, Costa et al. investigated the advantage of using strain and shear wave elastography in patients suffering from myofascial temporomandibular disorder (TMD) pain [11] . Their findings indicated that shear elastography showed increased hardness in affected masseter muscles compared with healthy ones. When using shear wave elastography, the results showed increased elasticity in TMD affected muscles.
A study [12] which investigated masseter muscle thickness in unilateral partial edentulous patients during resting and contraction using an US transducer with high frequency (7.5-10 MHz) reported muscle atrophy on the edentulous side. González-Arriagada et al. used Doppler US to analyze intramasseteric nodules with similar structure, in order to find more specific diagnostic method and to differentiate the nodules from other lesions [13].
The above-mentioned studies suggest that US could be considered as a useful additional non-invasive approach for investigating and monitoring both solid and liquid-full structures. The purpose of the present paper is to report a case of unilateral CMMH and to assess the efficacy of a non-invasive investigation based on ultrasound for both the diagnosis and the patent's follow-up.
Materials and Methods

Case Report
A 31years-old male was referred to the Oral Rehabilitation, Oral Health and Dental Office Management Department in April 2013 for discomfort in the posterior right mandibular angle. He was examined by clinical, photographic and radiographic (Ortopantomography -OPT) investigations. His medical history included: mumps at 4 years old, a tonsillectomy at 5 years old, nose injury followed by nasal septum deviation at 7 years old, and infection with hepatitis C virus (HCV), diagnosed in 2003. The patient was a tobacco smoker and was under no medical treatment. The clinical examination revealed a facial asymmetry due to the hypertrophy of the masseter muscle on the right side, hyperpilosity on the right jaw region, with the centrifugal hair growth, and a 5 mm laterodeviation to the right side of the nasal pyramid. For a better historical report of the facial asymmetry, pictures from the patient's childhood and adolescence were included ( Figure 1 ). Written consent for publishing pictures without preserving patient's identity was obtained. 
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guiding of the mandible in propulsion, and laterality movement guided by 12, 31, 41, 42 teeth.OPT measurements (Figure 3) showed mandibular asymmetrical rami. Measurements of the facial bones were reported to a horizontal line designed through ANS (Anterior Nasal Spine) point. The horizontal mandibular body was measured from the midline to the distal extremity, the maxillary was measured from the midline, above the roots of the superior teeth, to the distal extremity of the tuberosity; the antero-posterior distance between the condyle and coronoid apophyses was measured from the coronoid's peak perpendicular to the condyle. 
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clinical examinations, photostatic and OPT (Figure 4) investigations were repeated. Limbs length were measured and summarized in Table 1 . The measurements on the OPTs taken in 2013 and 2018 were presented in Table 2 . Paraclinical investigations were supplemented with an US examination. Measurements were performed with the patient sitting in the dentist chair, with the mandible resting, in centric point and open mouth. A L64 linear array transducer MHz) with stand-off device (Arietta, Hitachi, Ltd. 2013, 2017, Q1E-EZ1295) was used. The linear transducer was positioned at the level of the occlusal plane and in a parallel orientation, overlying the masseter muscle. Measurements regarding the thickness of the epidermis, dermis, masseter muscle and the anatomical parts of TMJ ( Figures 5 & 6 ), were registered (Table 3 ).
Figure 5:
US masseter muscle examination: comparative right and left transverse sections of the masseter muscle -hypoechoic in resting and contraction (a-d) and the anterior portion of parotid gland -moderately echogenic, limited inferiorly by a hyperechoic lamella, which is the inferior border of the mandibular body. Doppler mode (e, f) showed a slightly higher vascularization (red) on the right masseter muscle; Dual US image (elastography-grayscale) of the masseter shows heterogenous mosaic aspect on both sides, but with a predominant average green on the right side, suggesting a stiffer right masseter muscle. Comparison between the left and right masseter areas was performed. Masseter's vascular flow was assessed using Doppler ultrasound function (Figure 5e & 5f ). Muscle's hardness was analyzed using US elastographic mode (Figure 5g & 5h) .The clinical re-evaluation after five years indicated no worsening in the patient's condition. Palpation induced pain at the right TMJ. There 
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were asymmetrically enlarged.US examinations of the TMJs ( Figure  6 ) confirmed and completed the OPT measurements regarding the asymmetry. US investigations of the masseter muscles showed ( Figure 5 ) that the right side muscle was enlarged with 2.8 mm compared with the left side, as well as the covering dermis -0.5 mm. Doppler function mode evidenced higher quantitative arterial vascularization of the right masseter muscle. The elastography of the right masseter muscle showed a homogenous green area with small red areas, suggesting a harder muscle compared with the left masseter, where an inhomogeneous green and red area was seen, suggesting a softer muscle. 
6/7
Discussion
CMMH is characterized by unilateral or bilateral enlargement of the masseter muscles, of unknown etiology. CMMH affects both males and females, usually after puberty [3] , with the mean at early adulthood, about 30 years of age [14] . Contrarily to these statistics, in the present case report the disease began in early childhood, as seen in Figure 1 . Anthropometrical measurements performed at the age of 37 and correlated with the OPT and US suggested a continuous growth of the maxilla, mandible, and TMJs. The OPT revealed the inclusion of both lower third molars. Even though there was a slow continuous increase of the mandible, especially on the right side, there still was no sufficient eruptive space for the third molars. This might be due to the fact that the dimensional changes occurred in all three spatial axes of the mandibular ramus. The comparative radiological measurements showed a 9° increase of the left mandible angle, which could explain the 4.3 mm increase in the antero-posterior distance between condyle and coronoid apophyses, the wider angle induced the TMJ changes. During the initial clinical examination, the patient accused pain in the retroangular, submandibular region at the lower border, right condylar region and posterior third vertical mandibular ramus.
After 5 years, the pain was in remission, affecting only the TMJ area. Possibly, the discomfort and pain were caused by the continuous reshape of the hard and soft tissues, since the trigger points corresponded to the muscle's insertions on the bone. In time, the muscular-ligament system adapted and the symptoms decreased. Ultrasonographic measurements revealed a thicker skin on the left side compared with the right hypertrophied egion. The difference could be a mechanism to compensate the reduced dimension of the left masseter muscle. The left side smaller dimensions could have been induced by their inactivity and the consequent hypotrophy, due to right side hyperactivity. Associated with the differences in the facial soft tissue aspect, the summed data could indicate a hemifacial hemihypertrophy. However, this condition has more prominent clinical features regarding the facial asymmetry. The etiology of the hemifacial hemihypertrophy includes chromosomal alterations, abnormalities in cell differentiation, prenatal disorders or endocrine dysfunctions [7] .
An innovative approach in CMMH diagnosis would be the genetic assay analyzing the affected muscle cell versus a healthy one. Early stage intervention could prevent the disease evolution or dento-maxillary complications. Recent advances in facial recognition software could be a helpful non-invasive technique for the early diagnosis and classification of facial asymmetry, regarding the hard and soft tissues, and in consequence a minimal invasive treatment strategy. Maillard's reaction final productsAdvanced glycation end products (AGEs) are glycated proteins with exogenous and endogenous sources, deposited in human tissues in a time and dose dependent manner. AGEs bind to collagen fibers and thus these compounds can be assesed in skin using histological, imunohistochemical or radiological techniques such as ultrasonography [15] . AGEs have negative effects by generating oxidative stress and local and general inflammation; binding to collagen fibers, AGEs lead to collagen dissolution, and compromise the integrity and physiology of anatomical structures [16] . Besides the role in chronic inflammation, AGEs implication in genetic and autoimmune diseases has been demonstrated by several studies.
The AGEs accumulation in neural network has been reported in patients with Huntington's disease (HD) [17, 18] , who showed significantly higher positivity for AGEs receptors -RAGE, compared with the healthy controls. Maher suggested that methylglyoxal-MG, the main AGEs precursor, alongside with genetic vulnerabilities could also induce mitochondrial dysfunction and the development of autism [19] . Campos et al. assessed the oxidative biomarkers in adolescents and adults with Down syndrome [20] . They found that AGEs, dityrosine (diTyr), hydrogen peroxide (H 2 O 2 ) and nitrite/ nitrate (NOx) had higher levels in Down syndrome patients versus healthy subjects. These results could support the hypothesis that AGEs are one of the etiological factors in congenital masseter hypertrophy. A clinical study analyzed AGEs accumulation in the affected muscle fibers compared to healthy cells using US; this could confirm this hypothesis. In this case report, US proved to be a useful complementary investigation. It confirmed the findings of the clinical examination and the OPT measurements.
Moreover, the Doppler and elastography modes have the advantage to reveal the differences regarding the masseter muscle vascular flow and stiffness. The results were influenced by factors such as anthropometric parameters, the muscle anatomy and position, the transducer characteristics and positioning, and the associated diseases [11] . CMMH treatment [21] usually consists of non-invasive approaches: tranquilizers, intramuscular administration of botulinum toxin type A -muscle detensioner -with the mention that in time the substance becomes inactive and the injection should be repeated after 4-6 months; dental treatments and re-treatments, removal of occlusal interferences, mouthguards for the balanced occlusion. The surgical treatment includes selective mandible basilar and angle ostectomies, soft tissue excision, orthognathic surgery, and reconstructive procedures [22] .
Conclusion
CMMH is a benign pathology associated with significant facial asymmetry and TMJ disorders. As a non-invasive, painless, no radiation emission paraclinical investigation, US could be a useful approach for CMMH diagnosis and evolution, as well as for the posttherapeutic follow-up or the monitoring of complications. Further studies are needed to elaborate a US examination protocol in head and neck muscle pathology, and also in TMJ pathologies.
